Pole density is a fundamental parameter of the diffraction pole figures used for calculation of orientation distribution functions that characterize the physical properties of textures. To gain accuracy and, hence, physical reality of the data, an approach is elaborated to derive experimental pole-density values, which are free of extinction effects. The approach is based on the intrinsic invariability of the empirical extinction coefficient k at a series of levels of interaction of the diffraction process. The invariability of k is a precondition for nullifying the extinction effects by equating couple of its expressions defined with the intensities measured at the same series of the levels of interaction. A nickel sample representing <100> texture component is investigated. The resultant derived series of data for the distribution of pole density P of the {200} diffraction pole figure is in exact accord with kinematic theory.
InTRoDUCTIon
Characterization of textural anisotropy is based on using pole density P that is defined by relative volume fraction of crystallites contributing with their <hkl> poles to the hkl reflection [1] . As diffraction and extinction are indissolubly linked [2] , the pole density P m determined by using the well-known definition P m = I m /I m r suffers an extinction-induced systematic error caused by the measured intensities I m and I m r of the same reflection of textured sample and powder standard, respectively. To overcome the inherent deficit of precision in the above definition, a pioneer technique is developed for analytical nullification of the extinction effects of diffraction pole-figures measured with texture goniometer. The technique is based on the invariability of the empirical extinction coefficient k with respect to the level of interaction of the diffraction process. Practically, the nullification of the extinction effects is attained by equating two expressions of k defined properly by measured intensities. To realize the purposes of this study, our concern here is essentially with exact relationship between diffraction and extinction at a series of levels of interaction attained by controlled variations of suitable physical parameters as in [3] .
AnISoTRoPy of EXTInCTIon CoEffICIEnTS: nUllIfICATIon of ThE EXTInCTIon EffECTS
Bragg et al. [4] and Darwin [5] have supposed that the empirical extinction coefficient k and the secondary extinction coefficient g, respectively, are constants for the crystal, i.e. they have considered k and g as parameters independent of crystallographic direction. Accounting for the crystal and textural anisotropy, the nature of k and g is reconsidered here. To this end, two definitions given by Darwin-Zachariasen [5, 6] and Bunge [1] , respectively, are used:
here ε is the secondary extinction (SE) correction, g is a dimensionless quantity, p n (n=1,2,...,) is the polarization factor for incident X-ray beam [6, 7] , I 0 is the intensity of the incident beam, S is the cross section of the beam, Q is the reflectivity per unit crystal volume, μ is the ordinary linear absorption coefficient. Combining (1) and (2) yields ( )
where the expression
shows that k and g are mutually connected. Reforming (4) gives an expression for
illustrating that g depends on reciprocal way of the same parameters. Thus, the coefficients k and g should show different behaviour with respect to the diffraction process, whose level of interaction is controlled for any particular case by both P and I 0 . first, at PI 0 →0, the lower limiting values of I kin →0
(2) and g→0 (5) show, respectively, that in the only case of no diffraction, there is no extinction. Second, whereas g is proportional to the product PI 0 , the coefficient k е is proportional to the ratio g/PI 0 . Therefore, by virtue of the interdependence between g and PI 0 , any change of P or I 0 or both does not cause change of the ratio g/PI 0 and, hence, k is constant for any measured point of a pole figure and, hence, independent of the level of interaction of the diffraction process. To prove this deduction suppose the pole density changes from P to P r =1 under I 0 =const. following (4), k is transformed respectively into k r , i.e. 
here, it is accounted that g r is proportional to P r which corresponds to random distribution of crystalline orientations. Dividing (4) by (6) and taking into account that P=g/g r yields r kk = ,
irrespective k and k r correspond to different crystalline orientation distributions. Whereas k corresponds to {hkl} diffraction pole figure (intensity distribution function) of a texture, k r corresponds to hkl reflection of a sample representing the same substance with random orientation distribution. The invariability of k constitutes its capability to nullify the extinction effects by equating two its expressions that are defined by the intensities of a pole figure measured at a series of levels of interaction. By virtue of the mathematical logics, the condition (7) has to be in exact accord with the kinematical theory and the resultant derived data will be then extinction-free.
EXPRESSInG PolE DEnSITy P By nUllIfICATIon of EXTInCTIon EffECTS
To express P by nullifying extinction effects, a proper procedure is designed to data collection (figure 1). In this respect, the {hkl} diffraction pole figure of textured sample and hkl reflection of a powder standard with random crystalline distribu- tion are measured at the incident beam intensities I 0,i , I 0,i* caused by stepwise reduction of the generator current values i and i* (i=2i*).
In the equations listed in figure 1 , A is a constant, V K is the critical excitation potential of the Kα radiation, and n=1.5 [8] . As a whole, the measurement procedure is carried out at constant generator tension V. Any of the particular levels of interaction is characterized by kinematic intensities, I kin (f) and I kin r , of the texture and power standard, respectively, the pole densities, P(f) and P r , and the coefficient k. let us focus our attention that k is the same for each of the levels of interaction, and P r is equal to unit. Then, the pole density P i (f) is express by the kinematic intensities corresponding to the first couple of levels of interaction measured at the intensity I 0,i :
The relation (8) is valid for the interval 0° < f <70° of the pole figure measured at the intensity I 0,i . As shown in the paper [3] , the kinematic intensities are defined by the respective measured intensities I m :
, (9) . (10)
Solving the system of equations (9) and (10) for k i = k i r (see (7) ) yields the expression: Therefore, starting from kinematic definitions (8) and (12) for the pole density, an operative formula (16) that is in exact accord with the kinematic theory is derived using measured intensities. This procedure has to be repeated for any f-angle of the measured interval 0° < f <70°.
EXPERImEnTAl, RESUlTS
AnD DISCUSSIon
As model samples, an electrodeposited nickel coating (ni1) and a nickel powder standard with random crystalline distribution were used. The nickel coating represents fiber texture with a main <100> component. The {200} pole figure and 200 reflection corresponding to the respective samples were measured with texture goniometer using ni filtered CuK α radiation. The two-step measurement procedure, shown in figure 1, was carried out in such The pole density P m (f) distributions determined for the first and second measurements are shown in figure 2 and figure 3 , respectively. Due to lower extinction effects, the P m,i* (f) values (figure 3) are higher than those of the P m,i (f) distribution (figure 2) that are strongly affected by extinction. The systematic error is higher at the higher level of interaction and lowest at the lowest level of interaction. This error depends on the absolute value P m of the pole density as well. figure 4 shows extinction-free data determined by (16). The percentage errors between the respective data listed in figure 4 and that ones listed in figure 2 and figure 3 vary from about 5% to less than 1% for the whole measured interval 0° < f <70°.
ConClUDInG REmARKS
The main advantage of this approach is to gain accuracy and, hence, physical reality of the data. Accuracy can only be gained by care in the design and implementation of an experiment. Actually, this approach offers a possibility for existing methods both to be re-considered and improved for texture characterizations and to develop new ideas. In general, one can state that no problem related to using the integral intensities can be correctly solved in textures if secondary extinction effects are not nullified.
